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Abstract 
In this study, subjects manually lifted a box from the floor 
and their movements were recorded by video camera. The 
recorded images were then digitized and analyzed by the motion 
analysis system. EMG activities of muscles were also studied 
using five loads (0, 8, 16, 20, and 24 kg) and four lifting 
techniques (2 squat and 2 straddled leg lifting techniques) as 
independent variables. Their effects on muscle activities (% 
MVC), process time, trunk inclination angles, hip joint 
angles, knee joint angles and vertical displacement of the 
center of mass of box were studied. 
Statistical analysis using analysis of variance (ANOVA) 
revealed that the box weight had significant effect on the 
erector spinae at L3 and TI0 (2 < 0 . 0 5 ) a n d the pro c ess t i me 
(2 < 0 . 05) . The profiles of the kinema tics parameters showed 
there was a difference between the two squat lifting 
techniques and the two straddled leg lifting techni que s. The 
results of this study also suggested that the safe wei ght fo r 
manual lifting from the floor using anyone of the four 
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Chapter one - Introduction 
CHAPTER ONE 
Introduction 
The main objective of ergonomics is to achieve an optimal 
relationship between people and their working environment. The 
two conflicting factors in this optimization process are 
workers productivity and their health and physical wellbeing. 
Thus, while workers should perform their job in the most 
efficient manner possible, they must also be protected against 
undue physical, biological, and psychological strain that may 
occur as a result of performing the required tasks. 
Manual materials handling (MMH) is one branch of ergonomics 
which includes lifting, lowering, pulling, pushing, and 
carrying objects. MMH injuries are the result of the improper 
practices in MMH; therefore, scientists have been conducting 
research with the aim of optimizing workers productivity and 
health. 
1.1 Contribution of lifting techniques on risk assessment and 
training on manual materials handling 
Manual materials handling (Knapik, 1997), manual lifting, or 
manual handling operation (Genaidy, Waly, Khalil and Hidalgo, 
1993) all describe the movement or static posture to move or 
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to support a load by the biomechanical means. Kelsey, 
Githens, and White (1984) showed a correlation between back 
injury and lifting activities and thus concluded that there 
were risks or hazards involved with manual materials handling. 
Although the growth of technology in industrialized countries 
has increased, the productivity of employees and the 
advantages of mechanical, electrical, and electronic control 
mechanisms have not reduced the occurrence of occupational low 
back pain in manual handling operations. The high costs of 
workers compensation for injury and disability has led to the 
increasing public concerns about workplace safety (Shelerud, 
1998). Occupational health and safety laws have therefore 
been extensively established in industrialized countries and 
are continually amended to maintain good working environments 
in order to reduce the risks, and to promote a safety 
orientated culture (Grieco, Occhipinti, Coloffibini, and 
Molteni, 1997). 
The first safety regulations of Hong Kong were aimed at the 
construction and manufacturing industries and protected about 
16% of the employed population by 1997 (Labour Department, 
HKSAR, 1999). The protection of all employees from 
occupational injury was then expanded in 1997 with the 
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introduction of the new Occupational Safety and Health 
Ordinance (OSH Ordinance) in Hong Kong. 
The risk assessment on the manual handling operation formed 
one of the five associated regulations of the OSH Ordinance. 
It was thought that the assessment systematically evaluated 
factors such as the working environment, the employees' health 
conditions, and the physical characteristics of loads, as well 
as the ergonomic workplace design (Occupational Safety & 
Health Council, 1998). However, the complex interactions of 
the various factors in manual materials handling is not easily 
understood; therefore, the recommendation for the prevention 
of MMH injury is not considered to be sufficient. 
In Hong Kong, guidance on the manual handling operations in 
terms of the energy requirement are classified as heavy, 
moderate, or light work demand. Construction industry work 
has always been considered as high risk due to the heavy 
lifting required. However, risk assessment for office workers 
on lifting activities is considered difficult since generally 
the work does not involve lifting heavy materials although 
occasionally this may be required (e.g. moving furniture or 
boxes of photocopy paper). As a result of the lack of local 
studies, foreign guidelines (ILO Convention No. 127 and 
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Recommendation No. 128) have been adopted in Hong Kong in 
assessing risk. Unfortunately, the guidelines can not be 
fully followed because there are different stature and 
physical capabilities between members of the Chinese and 
Caucasian races (Wu, 1997; Lee, Wu, and Hsu, 1995; Wu & Hsu, 
1993; Evans, 1990). 
Research (Viikari-Juntura, 1997) on manual lifting can be 
conducted using a number of different approaches. These 
include: (a) the calculation of the spinal compression force 
using the biomechanical model (Noone & Mazumdar, 1992); (b) 
the measurement of the maximum acceptable weight of lift 
(MAWL) in the study of psychophysical capacities (Davis, 
Kirking, Gaudes, Yang, and Marras, 1997); (c) the measurement 
of heart rate (Rabinowitz, Bridger, and Lambert, 1998), V02 
max (Haisman, 1988) in the area of the work physiology, and 
(d) the investigation on the trend and the distribution of MMH 
injury in epidemiological studies (Shelerud, 1998). 
All four of these approaches to manual materials handling 
agreed with Barker and Atha (1994), that lifting technique was 
the fundamental determinant factor which was thought to reduce 
the biomechanical stress. Anannontsak and Puapan (1996) also 
observed that a good working posture could reduce the 
11 
Chapter one - Introduction 
prevalence of low back pain. Consequently, lifting technique 
was considered an important factor in risk assessment and was 
therefore often emphasized by the occupational health and ' 
safety professionals in the training sessions of MMH. 
Movement of lifting is formed by the anatomical and 
physiological characteristics of the musculoskeletal system. 
The muscles contract to produce forces on the joints and 
moments about the joints. The abdominal pressure strengthened 
the torso to assist the back muscles in MMH. Thus, forces and 
moments were the components of the biomechanical analysis 
(Bejjani, Gross and Pugh, 1984). Therefore, the movement of 
the lifting activities was analyzed in terms of dynamics and 
kinematics parameters such as joint forces (Dolan, Earley and 
Adams, 1994), angular accelerations, and angular velocities of 
joints (Gagnon, 1997). 
Electromyographical studies on muscle activity have revealed 
the muscle coactivation (Delitto and Rose, 1992; Granata and 
Marras, 1995) and the muscle fatigue (Gallagher, 1990) in MMH. 
The straight back and bent knee lifting technique (squat 
technique) was recommended although the efficiency and 
contribution of the leg muscle activities had been studied to 
a lesser extent. However, the trainers who organize the manual 
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material handling workshops did not have adequate information 
to appreciate this lifting technique, and thus the adoption 
and compliance of the squat technique by employees was 
dependent on their muscle strength and their perceived 
fatigue. It was therefore of interest to evaluate a new 
lifting technique, which could reduce the muscle injuries and 
avoid the acute and chronic low back injuries. The techniques 
to be evaluated were derived from the squat techniques where 
the relative position of the knees and different lifting 
styles distinguish the technique. 
1.2 Objectives 
The purpose of this study was to investigate the effects of 
load and manual lifting technique on the muscle loading in 
terms of EMG signal and on kinematics parameters. 
1.3 Hypotheses 
1.3.1 There are no significant effects of load and lifting 
technique on the EMG activities of erector spinae, vastus 
medialis, and medial gastrocenmius during the manual lifting. 
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1.3.2 There are no significant effects of load and lifting 
technique on the vertical displacement of the center of mass 
of box and body, and the angles of knee and hip, as well as 
the trunk inclination angle during the manual lifting. 
1.4 Significance of Study 
Lifting activity is one of the most important activities in 
the manual materials handling (MMH). Although the concepts of 
good workplace design and risk assessment are always applied, 
well-trained personnel should learn the strategy of co-
activation of the muscles to reduce back injury and to achieve 
better balance control on handling materials. This study is 
to compare the biomechanical responses to different lifting 
techniques and different loads, so as to help the occupational 
health practitioner or the occupational hygienists to organize 
training program on MMH. 
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CHAPTER TWO 
Literature Review 
In this study, a technique was designed on the basis of the 
squat lifting technique in order that the lifting posture of 
straight back was maintained and the balance control was 
improved. Surface electromyography and motion analysis 
techniques were used to investigate the muscle activity and 
kinematics parameters respectively. 
This literature review focuses on (a) the initiation of the 
societal concerns on the manual materials handling, (b) the 
etiology of low back injury, (c) lifting technique, (d) and 
the biomechanical and electromyographical approaches to the 
solutions of low back injury. 
2.1 Societal Concerns on Employee Compensation 
In industrialized countries, occupational work injuries 
generally lead to the huge employee compensation claims. 
Dempsey and Hashemi (1999) analyzed the association of the 
claims with manual materials handling. They found that the 
injuries of the lower back, that was 29.5% of cases of the 
body injuries, resulted in the majority of the compensation 
claims and that strain (27.2% of number of cases of back 
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injury) was the main type of back injury. Prevention of low 
back injury was therefore considered to be a significant 
financial issue since prevention of back pain could reduce the 
number of claims. 
In epidemiological studies, the increasing occurrence of 
occupational low back pain (LBP) is a costly problem because 
of the large expense of medical treatment and social welfare 
support. The National Institute of Occupational Safety and 
Health (NIOSH, D.S.A.) therefore identified and prioritized 
low back pain as the one of the significant occupational 
health and safety planning objectives for the 21 st century. 
Consequently, loss prevention is the one of the main goals of 
occupational safety. 
2.2 Etiology of Low Back Injury 
By using clinical data, the occupational biomechanists or the 
industrial hygienists can produce proper work procedures and 
design the workstation to eliminate the occurrence of the low 
back injury. 
The vertebral column and its associated structures such as 
cartilage, ligaments, muscles, blood vessels must withstand 
16 
Chapter 2 - Literature Review 
the compresslon and tension forces when the physical load is 
handled manually. The cause of lumbar strain has been 
identified from at least two sources which include herniated 
intervertebral disks and compression fractures of vertebrae, 
suggesting that back pain and discomfort are the common 
consequence of the manual lifting (Brown, 1973). 
When standing, erect posture exerts compression forces on the 
vertebral column, whilst in movement shear forces are produced 
that act on the skeletal structure of the spine. Clinical 
evidence has revealed that back injury is related to spinal 
compression load which forces extrusion of the intervertebral 
disk (i.e. a herniated disk), and also due to the degree of 
lumbar flexion. (Potvin, McGrill and Norman, 1991). 
2.2.1 Compression forces on vertebral joints 
The forces involved in spinal compression can be quantified by 
the spinal compression tolerance limit (SCTL), which is 
defined by the minimum compression force needed to cause a 
bone fracture (Potvin, Norman, Eckenrath, McGill and Bennett, 
1992). This tolerance limit does not however account for 
damage to soft tissues. 
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Degenerative disc disease precedes facet degenerative joint 
disease (Kirkaldy-Willies and Farfan, 1982) followed by 
stimulation of anulus fibrosus which then produces the pa~n. 
In addition, muscular sprains and strains are the predominant 
cause of back pain (Shelerud, 1998) a quantification method 
accounting for tissue damage was also developed. Thus, the 
term "damaged load" was proposed to define the minimum shear 
force that caused the first gross pathological signs of damage 
such as tissue fluid accumulation and blood flow changes. The 
damaged load (DL) is related to the SCTL by equation (1). It 
is thought that the DL is more suitable to assess the risk on 
injury due to the load (Genaidy, Waly, Khalil and Hidalgo, 
1993) . 
Equation 1. 
DL = -805.18 + (0.74554 * SCTL) 
2.2.2 Shear forces on vertebral joints 
Kirkaldy-Willies and Farfan (1982) stated the importance of 
stabilization of musculoskeletal structure on the formation of 
degenerative joint disease. The spinal muscles and ligaments 
helped to reduce damage to the vertebral structure. The 
dominant direction of the pars lumborum fibers of longissimus 
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thoracis and iliocostalis lumborum were noted to act obliquely 
to the compressive axis of the lumber spine, producing a 
posterior shear force on the superior vertebra. In contr~st, 
the interspinous ligament complex acted with the opposite 
obliquity to impose an anterior shear force on the superior 
vertebra (Heylings 1978). Thus, all motions would impose a 
direct pressure on the soft tissues of the vertebrae. McGrill 
(1997) also stated that the full flexion posture potentially 
strained the posterior soft tissues and injured the facet 
joints and neural arch. He pointed out that the 
spondylolisthesis was caused by the large shear force. 
2.3 Lifting Techniques 
In the previous section, the dependency of the risk of back 
injury on lumbar flexion was explained (Potvin, et al. 1991). 
The workplace should therefore be carefully designed to avoid 
the lumber flexion in order to reduce injury to someone moving 
an object with a straight back technique. The NIOSH 
guidelines have been published and the optimum range of the 
reach height has been recommended. However, these guidelines 
only suit the ideal workplace design. In the poorly designed 
workplace, it is still common to observe objects being lifted 
from the floor using poor lifting techniques. 
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Although the importance of the lifting posture has been 
identified (Bendix and Eid, 1983; Burgess-Limerick and 
Abernethy, 1997a), styles of lifting techniques are usually 
described qualitatively. For example descriptions on the 
lifting techniques such as the squat or leg-lift technique, 
that is considered as the classical straight back and bent 
knee posture (Knapik, 1997), and the stoop or back-lift 
technique, that is described by the bent back and straight 
knee posture. In addition other researchers frequently adopt 
the free style lifting technique, which is a posture between 
the squat and stoop techniques (Burgess-Limerick and 
Abernethy, 1997a; Burgess-Limerick, Abernethy, Neal, Robert 
and Kippers, 1995). 
In the aforementioned studies, the relative positions and 
angles of the back and the joints of the legs were not 
completely described. However in 1995, Boston, Rudy, Lieber 
and stacey, defined the coordination index for the human 
movement of lifting so that different styles could be compared 
qualitatively. The coordination indexes showed the relation 
between the angular movements of the hips and the knees in a 
complete cycle of lift. In their research, the coordinated 
motion that indicated a good lift gave a negative correlation 
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while patients with chronic low back pain had uncoordinated 
motion resulting in a zero or positive correlation. 
Burgess-Limerick and Abernethy (1997b) attempted to quantify 
the lifting postures by the postural index (Equation 2) . 
Equation 2. 
Postural index = 
Knee flexion from normal standing 
Ankle + hip + lumbar vertebral flexion from 
normal standing 
The postural index was found to be independent of the joint 
positions and the types of lifting tasks. It was the ratio of 
the angle difference of knee flexion from normal standing to 
the total sum of the angle differences of ankle, hip, and 
lumbar flexion from the normal standing. Thus, the two 
indexes for stoop and squat lifting were 0.11 and 0.80 
respectively. Burgess-Limerick and Abernethy noticed that 
changes in mass and initial height of load did not alter the 
indexes for the symmetrical manual lifting in the sagittal 
plane. 
Despite the two successful quantitative descriptions of 
lifting posture described above, the application of the 
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coordination index and the postural index were still not 
widely employed in industry. However, the application of the 
proper and practicable lifting technique was still import~nt, 
since as mentioned previously good working posture has been 
shown to reduce the prevalence of low back pain (Anannontsak 
and Puapan, 1996). This included reduction of hazards such as 
spinal compression loading (Anderson and Chaffin, 1986), 
vertebral shear force (McGrill, 1997), musculoskeletal fatigue 
(Ahsberg, Gamberale, and Kjellberg, 1997), cardiovascular 
(Rabinowitz et al., 1998) and respiratory stress (Haisman, 
1988). The techniques also increased the stability of posture 
(Kingma, Toussaint, Commissaris, and Hoozemans, 1995), self-
confidence and maximum acceptable loading (Waikar, Lee, 
Aghazadeh and Parks, 1991). 
Training on lifting techniques was then thought to overcome 
the insufficient information. But the instructions were often 
poorly explained or the free style lifting technique was 
assumed so that the lifting was inconsistently done. Karen 
and John (1994) pointed out that the spinal compression forces 
at L5/S1 were affected by the styles of instruction being 
given to the subjects. The face-to-face instruction was 
better than the group instruction or the self-interpretation 
of the written instruction. This difference was also shown to 
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exist irrespective of whether the workers were expert or 
novice workers (Gagnon, 1997). 
2.3.1 Effect of lifting techniques on curvature of the splne 
The following phenomena investigated by researchers have been 
helpful to generalize safe lifting techniques, these include 
the effect of lifting techniques on the curvature of the spine 
and also the effect of lifting on muscles and ligaments. 
In studies of the curvature of the vertebral column, Delitto 
and Rose (1992) supported Poulsen that the optimum back 
position was in the squat lifting technique in which the 
lumbar spine was aligned in the normal lordosis and the pelvis 
was aligned in the anterior tilt. McGrill (1997) suggested 
the load was held close to the body to avoid a fully flexed 
spine thereby minimizing the reaction moment, the extensor 
forces, and the resultant compressive joint loading as well as 
the shear forces. 
2.3.2 Importance of leg muscles in manual lifting 
Studies on the activities and power of the leg muscles in 
lifting performed by the athletes has already lead to adoption 
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of an injury-free lifting techniques. Weight training 
exercises have emphasized the fixed erect position of trunk 
(O'Shea, 1969). The power for lifting weight comes from the 
muscles of the legs and shoulders whereas the back muscles are 
not used for weight lifting. 
Poulsen (1981) proposed that muscles generated the force for 
manual handling while the ligaments only resisted the load. 
Strokes (1997) supported Poulsen that the application of the 
muscle strategies to achieve the stabilization of the spine 
and concluded that this was an important factor in the 
development of back injury development strategies. 
Further research by Gallager and Hamrick (1991) found that the 
gluteal muscles generated an extensor moment about 5 to 7 
times greater than the lumbar erector spinae. Noe (1992) 
compared the activities of quadriceps during a lift from floor 
to knuckle height performed by the athletic weight-lifters and 
control subjects. He concluded that the quadriceps muscles of 
the weight-lifter were active throughout the lifting cycle. 
However, the activities of the quadriceps muscles were reduced 
and the erector spinae muscles showed greater activity in the 
latter half of the lift when performed by the control 
subjects. 
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studies of five lifting techniques with different foot 
placement, knee and back orientation, and size and weight of 
loads revealed that disc compression was at its minimum wben 
the straddle stance and the flat back lifting (squat) 
technique were used (Anderson and Chaffin, 1986). The fatigue 
of quadriceps muscles gave a greater risk of injury because of 
the increased maximum moment at LS-S1 level (Trafimow, 
Schipplein, Novak, and Andersson, 1993). 
2.4 Prediction of Low Back Injury (LBP) in Manual Lifting 
Back injury occurs in manual lifting because there is a 
failure of the trunk position that causes excessive tensions 
in muscles and ligaments of the back. As a result, at the 23 rd 
annual meeting of the International Society for Study of the 
Lumbar Spine (ISSLS), researchers concluded that the 
degeneration and the damage of tissues was a complex function 
of the time-dependent mechanics of biological responses. In 
order to resolve the time and response factors and discover 
new preventive measures of low back injury, researchers of 
diverse interests such as work physiology, biomechanics, 
industrial engineering, epidemiology and industrial psychology 
investigated the methods to predict the work safe conditions 
for the manual lifting. 
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One of the approaches is epidemiological study which have 
demonstrated that occupational musculoskeletal disorders such 
as back are associated with various levels of loading in high-
risk occupations. The occurrence rate of the low back pain in 
people who worked under heavy physical loading was 1.5 times 
greater than those who performed light work (Kujala, Taimela, 
Vijanen, Jutila, et al., 1996). Other study considered the 
mechanical initiation of acute pain and the psychosocial 
contribution in chronic disability (Stokes, 1997). 
In addition to the epidemiological study, the occupational 
health and safety authorities have referred to the results 
that were obtained from multi-discipline studies for setting 
up safety regulation. The studies conclude that the maximum 
disk compression and the maximum energy expenditure are 3.4 kN 
and 2.2 - 4.7 kcal/min respectively. The maximum weights of 
loads that are accepted by 85% of the female working 
population and 99% of the male working population are limited 
by the NIOSHlifting equation. Also, Worksafe Australia 
recommended the maximum weight for MMH was 23 kg. 
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2.4.1 Compression forces and nloments 
The human vertebrae and their associated soft tissues are 
constantly subjected to mechanical loads (Schultz and 
Andersson, 1981). The guidelines for safe manual materials 
handling has been generally based on the result of the 
biomechanical data (National Institute of Occupational Safety 
and Health, U.S.A.). 
Manual lifting is a common activity that places mechanical 
loads on various joints. The forces that act on the vertebral 
column are not purely compression forces (i.e. the vertical 
component of the force produced at the joints), but include 
other forces produced by the moments about the joints and the 
shear forces at the joints. However, most research has 
focused on the L5/S1 joint because of the severity of the back 
injury at this site. The compression force at L5/S1 joint has 
often been studied using the dynamic model of lifting 
activities (Table 1). 
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Table 1. Different approaches to the biomechanical analysis 
of loading at joints. 
Static / Factor being Method Dependent Reference 
Dynamic studied variables 
Lifting 
Static Joint angle, Modeling Joint Bejjani et. al. , 
Load reaction 1984 
force 
Static Posture EMG frequency Muscle Westgaard, 1988 




Static Posture, EMG %MVC, Kahn et.al., 
Training Endurance 1996 
time 
Dynamic Posture EMG model L5/S1 Kee and Chung, 
compression 1996 
force 
Dynamic Posture, EMG model and L4/L5 Potvin et al. , 
Load Regression compression 1992 
Model force 
Dynamic Load, Modeling L5/S1 Gagnon and 
Velocity, compression Smyth, 1992 
Acceleration force 
Dynamic Posture, Motion L5/S1 Anderson and 
Load analysis compression Chaffin, 1986 
force 
Dynamic Joint Motion L5/S1 Schipplein 
angular analysis compression et. aI, 1990 
velocity force 
Dynamic Trunk moment EMG model Anterior and Granata and 
and EMG Lateral shear Marras, 1993 
forces 
Dynamic Joint angle Motion Net joint Toussaint et. 
analysis and moment aI, 1992 
EMG 
However, the spinal compression forces were not the only risk 
factor of injury of the intervertebral discs and ligaments 
(Dolan, Earley and Adams, 1994). 
Dolan et al. also studied the effects of stoop and squat 
techniques on peak extensor moment and bending torque. They 
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found that the peak extensor moment in the stoop lifting 
technique was 10% less than that in the squat lifting 
technique. Conversely, when the increases in the bending 
torque was compared, there was 75% greater moment in the stoop 
lifting technique than in the squat lifting technique. They 
finally concluded that the mass, the size and the distance of 
weight in the sagittal plane increased the peak extensor 
moment and bending torque substantially. 
Another study conducted by Seroussi & Pope (1987) used the 
EMG-assisted model to correlate the linear relationship 
between moment in the sagittal planes and the sum of left and 
right erector spinae EMG (r2=0.96). The result showed that the 
difference between the erector spinae EMG correlated to the 
moment in the frontal plane (r2=0.95). This was supported by 
the investigation of Granata and Marras (1995). 
As the extensor moment about the intervertebral joints was 
destructive, there were so-called "passive" tissues to help to 
resist the moment (Dolan, Mannion and Adams, 1994). The 
"passive" tissues were the intervertebral discs, the 
ligaments, the lurnbodorsal fascia, the non-contractile tissue 
within the erector spinae muscles, and the intra-abodominal 
pressure. McGrill (1997) however identified that the 
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supporting characteristics of muscle tissues effectively 
reduced manual handling injury. Therefore, he proposed the 
recruitment of the appropriate activities of muscles to 
minimize the joint compression and the shear load, the muscle 
contraction intensity, and the spine compression load. 
Besides muscles and ~passive" tissues helping the reduction of 
forces and moment on vertebral joints, the optimization of 
joint angles was the other approach. There was a high inverse 
correlation between knee and back forces in manual lifting 
(Bejjani, Gross and Pugh, 1984). In their study, the quasi-
linear relationship revealed that the back load decreased with 
increasing knee load and that the optimized angles of knee and 
back were different when weight and height of loads varied. 
With the results of these angles, a proper lifting technique 
will be easily handled. 
2.4.2 Balance Control 
In order to handle objects securely, the stability of the 
human body is maintained by the adjustment of the position of 
the center of mass; otherwise, the subject will incur fall and 
over-exertion injuries (Holbein & Redfern, 1997). The 
horizontal momentum and the vertical momentum of the center of 
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gravity as well as the angular momentum of the whole body 
effectively affects the balance control. 
The effectiveness of balance control depends on the style of 
the manual lifting technique. Loss of control of balance 
under different lifting techniques was therefore assessed. In 
the study of Commissaris and Toussaint (1997), loss of balance 
was observed in 44% of the squat lift (leg-lift) techniques, 
whilst there was 36% loss of balance in the stoop lift (back-
lift) techniques. Thus, in terms of balance control, it was 
said that the stoop lift technique was better than the squat 
lift technique. These result, therefore do not favor the 
biomechanical analysis of spinal compression. 
studies were also conducted to investigate the anticipatory 
postural adjustments that were needed to counteract the 
disturbances to balance and to minimize the balance 
threatening effect (Toussaint, Commissaris, and Beek, 1997). 
The balance threatening effect was pre-programmed according to 
the previous experience of lifting loads in continuous lifting 
or the expected load from the shape and size of the box. The 
learning of the anticipatory postural adjustment was therefore 
shown to be beneficial to the preparation of the lifting 
technique and the prevention of loss of balance control. 
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2.4.3 Application of Surface Electromyography in Ergonomics 
Electrical characteristics in animal tissues have been 
documented since the mid-1600s. The first evidence of the 
electrical potentials in the human muscle during voluntary 
contraction was published in 1849. In 1944, the Nobel Prize 
was awarded to Gasser and Newcomer (1921) who used cathode ray 
oscilloscope to show the electrical signals from muscles. 
Thereafter, the technology on the measurement of electrical 
properties in muscle activities was called the 
electromyography (EMG). The EMG measurement of the 
contractile muscles using surface electrodes was widely used 
as an assessment tool in biomechanics. For example, 
occupational hygienists use the EMG signal to analyze workers' 
movements in the workplace. It is a valuable tool to assess 
workplace safety, to study manual handling injury and to 
improve workplace design (Jonsson, 1988). 
Muscle fatigue in workplace was one of the significant 
findings using the EMG data. It was related to the physical 
capacity of the worker carrying out the manual materials 
handling tasks. The shift of mean frequencies to low 
frequency in EMG is related to muscle fatigue and the recovery 
of EMG spectrum after the isometric and isotonic exercises is 
demonstrated (Kuorinka, 1988). 
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Muscle fatigue related to the muscle loading (Jorgensen, 
Fallentin, Krogh-Lund and Jensen, 1988). In order to express 
the levels of loading on muscles, the response of the muscles 
was also assessed by the percentage of the maximum voluntary 
contraction (%MVC). The %MVC was expressed by the ratio of 
the integrated EMG (iEMG) signal during the work to the iEMG 
during the maximum voluntary contraction test that was set at 
100% MVC (Bonde-Peterson, Mork, and Nielsen, 1975; Kuorinka, 
1988). Thus, the closer to 100% MVC, the more exposure of 
stress to the muscle. 
The endurance time of muscles is another important parameter 
to indicate the response of muscles to stress, and was 
therefore studied in trunk extensor muscles. The isometric 
trunk extension exercise was carried out until the multifidus 
and longissimus muscles had fatigued. The endurance time of 
these muscles was indicated in the time constants of the 
changes in the mean power frequency (Van Dieen, Oude Vrielink, 
Housheer, Lotters and Toussaint, 1993). Research on the 90-s 
submaximal isoinertial repetitive upper trunk extension test 
found that the endurance time was highly correlated to the 
decreases in median and mean power frequency of the surface 
EMG spectrum. The upper trunk extension test was also 
considered as a reliable indicator of low back (L3-S1) muscle 
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fatigue (Kankaanpaa, Taimela, Webber, Airaksinen, and 
Hanninen, 1997). 
The analysis of the EMG data was also shown by EMG signal 
amplitude (Ortengren, Andersson, and Nachemson, 1981). The 
amplitude was directly related to angle of flexion of the back 
and spine. The increase in the back muscle activity in the 
thoracic region was obvious when the angle of flexion 
increased. The same trend was also found when the external 
load was increased (Andersson, 1977). The effect of loading 
on the EMG was also studied in the coactivation of eight trunk 
muscles. The integrated EMG of the erector spinae could 
distinguish the low back pain patients (LBP) from the normal 
subjects (Chen, Chiou, Lee, et ai, 1998). 
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CHAPTER THREE 
Method 
The experimental work for this study was performed in the 
Biomechanical Laboratory of the Department of Sport Sciences 
and Physical Education. In the study, the movements of the 
lifting activities were recorded by video camera. The video 
image was analyzed by motion analysis technique. The surface 
electromyography was applied to study the muscle activity. 
This study had been approved by the Clinical Research Ethical 
Committee. 
3.1 Subject Recruitment 
The study was delimited to ten male undergraduates of the 
Chinese University of Hong Kong who were recruited for this 
study. The subjects were in good physical condition with no 
acute or chronic back pains; otherwise, the recruitment of the 
subject was not accepted. Their height, weight, and shoulder 
width were recorded (Table 2) . 
Table 2. Weight, height, and shoulder width of subjects 
n Mean std. Dev. 
Weight (kg) 10 65.34 6.90 
Height ( cm) 10 173.01 5.68 
Shoulder width (cm) 10 34.7 1.51 
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Each subject was given a full explanation about the objective 
of the study and was informed the risk of the manual handling. 
An orientation of the study that included the size of the box, 
the weights for lifting, and the lifting techniques were 
individually given to each subject. Each subject subsequently 
read and signed the informed consent document before the 
experiment was conducted. 
3.2 Equipment 
In the study, a combination of sandbags that contributed to 
the total load was put inside a carton. The paper box was 
commercially available for goods transportation and its 
dimensions were 50 cm width x 50 cm length x 55 cm high. 
Force platform, surface electromyography system, and motion 
analysis system were used for data collection and for 
monitoring the lifting process. 
3.2.1 Force platform 
A work platform was built to provide the floor area for the 
experiment. Its circumference consisted of eight modules of 
the wooden platforms and the AMTI (Advanced Mechanical 
Technology, Inc., Newton, MA) force platform that was put at 
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the center of the work platform. Identical surface height of 
the nine platforms was confirmed so that the lifting 
activities in the study were performed on the flat floor of 
the work platform. 
The force platform was installed with strain gauges which were 
attached to the proprietary load cells near the four corners 
of the force platform. These gauges measured the forces and 
moments in the orthogonal directions of XYZ axes and were 
incorporated into six signals. The six channels of signals 
were then transmitted to the computer. The software (PC-Vect 
software package, BTS) sampled the data at the rate of 500 Hz. 
The maximum loading of the force platform were either 10,000 N 
(2,250 lb) when it was applied vertically anywhere on the top 
surface or 4,000 N (900 lb) when force was on anyone side of 
the platform. 
In this study, a box to be lifted by the subject was 
positioned on the surface of the platform while the subject 
stood on the wooden platform. The actual start of the lift 
was determined by the detection of the zero force that was 
exerted on the platform. 
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3.2.2 Motion analysis system 
In this study, the two-dimensional video filming technique was 
used to record the movement of lifting. The video camera . 
(JVC, GY-X2BE, Japan) was placed at the distance of 5 meters 
laterally away from the subject. The whole process of the 
lift was filmed at the rate of 50 Hz and 1/250 shutter speed 
by the camera. 
Before the lifting activities, a one-meter reference scale was 
put at the subject's saggital plane and was filmed by the same 
video camera at the same setting. The digitization and the 
data analysis of the video image were performed by the motion 
analysis system (Bewegungs Analyse System, Germany). Thus, 
the kinematics of the movement that happened in the saggital 
plane were calculated (see Table 3). 
Table 3. Dependent variables on kinematics in lifting 
activities 
Parameters for motion analysis 
1 Normalized process time 
2 Hip joint angles 
3 Knee joint angles 
4 Trunk inclination angles 
5 Vertical Displacement of center of mass of box 
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3.2.3 Surface Electromyography 
In this study, subjects were instrumented with surface 
electrodes over lumbar erector spinae at L3, thoracic erector 
spinae at T10, medial gastroecnemius, and vastus medialis 
(Burgess-Limerick, Abernethy, and Neal, 1995) on both the left 
and right sides. The skin was prepared at the site by shavi ng 
the hair and by abrading the area with alcohol-soaked tissues. 
Pairs of surface electrodes were applied at the sites studied 
with the inter-electrode distance of 2.5 cm center-to-center 
and in the longitudinal direction of the muscle fibres. 
Figures 1 and 2 illustrated the locations of the electrodes 
used to detect the EMG signals of the vastus medialis and the 
medial gastrocnemius. 
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Pairs of EMG electrodes were attached on medial 
gastrocnemius. 
The activities of the selected muscle groups were recorded via 











Set-up of EMG channels and muscle groups 
no. Muscle group 
Medial gastrocnemius (left leg) 
Vastus medialis (left leg) 
Medial gastrocnemius (right leg) 
Vastus medialis (right leg) 
Left lumbar erector spinae at L3 
Left thoracic erector spinae at TlO 
Right lumbar erector spinae at L3 
Right thoracic erector spinae at TlO 
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The EMG signals were then collected and transmitted via the 
chain of the surface electrodes, electrode cables, pre-
amplifier device, and optical wire transmitter to the main 
unit (Figure 3). 
was achieved. 
Finally, 1000 times amplification of signals 
Figure 3. The optical wire transmitter and the main unit of 
the EMG system was shown. 
3.3 Maximum Voluntary Contraction Test 
In order to obtain the maximum voluntary contraction (MVC) , 
the surface electrodes were fixed at their respective 
positions. Subjects were asked to forcefully contract the 
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selected muscles against the resistance. The integrated EMG 
activities of the selected muscles during lifting would then 
be expressed as % MVC. This normalization of the muscle 
group's activity was given in the equation 3. 
Equation 3. Normalization of the integrated EMG 
Integrated EMG of muscle during lifting 
% MVC 
Integrated EMG of muscle during MVC test 
3.3.1 MVC of vastus medialis 
In order to measure the MVC of vastus medialis, subject was 
asked to perform the extension of knee joint while he sat on 
the chair of the computerized dynamometer (Cybex Norm, 
U.S.A.). His thigh and upper body was fixed by the Velcro 
strip to ensure that the torque could only be generated by the 
vastus medialis. In order to determine the start position for 
the maximum voluntary contraction test, the full extension and 
the full flexion of the knee joint were measured. The 
dynamometer then calculated the mid-range angle of the 
extension of the knee joint and this angle was set as the 
starting position. The subject was then asked to extend the 
knee joint isometrically with the maximum power for 5 seconds 
(Figure 4). 
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Figure 4. Left leg was attached to the arm of the Cybex Norm. 
The mid-range angle of the leg extension was set for the MVC 
test of the left vastus medialis. 
3.3.2 MVC of medial gastrocnemius 
The MVC of medial gastrocnemius was tested while the subject 
stood on one leg (Figure 5). The vertical resistant force was 
applied to the subject's shoulder downwards so that the 
gastrocnemius could contract isometrically in this test. 
During the test, the knee joint of the tested leg and the 
upper body had to be kept straight and only the plantar 
flexion of the ankle was performed to elevate the body 
forcefully. The EMG signal was collected for 5 seconds. 
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Figure 5. The plantar flexion of the left ankle was forcefully 
maintained for 5 second during the maximum voluntary 
contraction test for left medial gastrocnemius. 
3.3.3 MVC of erector spinae 
The maximum voluntary contractions for thoracic and lumbar 
erector spinae were performed simultaneously (see Figure 6). 
The subject lay in a prone position. The hands and arms of 
the subject were kept straight and held freely extended beyond 
his body. A resistance force was exerted at his shoulders. 
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He was then asked to perform the extension of the upper body 
for 5 seconds at the maximum force. 
Figure 6. Subject lay in a prone position and performed the 
extension of his upper body. The EMG signals for erector 
spinae at TIO and L3 were collected for 5 seconds. 
3.4 Lifting Techniques 
In the present study, four lifting techniques were studied 
(Table 5). The positions of the knee relative to the box 
contributed to the nomenclature of the lifting techniques. 
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Straddle / Knee Ground Support 
Straddle / Knee Ground Support / Box 
Tilting 
In symmetrical squat technique (Figure 7), the subject stood 
with the feet on the frontal plane and separated at a distance 
of his shoulder width. He then flexed his knee joints to the 
same angle but maintain a straight back until he handled the 
box for the start of the lift. 
Figure 7. Symmetrical squat lifting technique (Sym.Sq) was 
prepared. The feet were placed at the equal distance from the 
box. 
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In the asymmetrical squat technique, the subject stood while 
his right foot was behind the frontal plane and his left foot 
was on the frontal plane i.e. in the straddle stance of 
comfortable distance (Figure 8). He then approached the box. 
After the box was handled, the position of the right knee 
would be lower than the position of the left knee. However, 
the right knee should not touch the ground. 
Figure 8. In asymmetrical squat lifting technique (Asy.Sq), 
the right foot was placed further behind the box than the leg 
foot. 
The straddle with knee ground support technique was similar to 
the asymmetrical squat technique. But the right knee 
contacted the ground to support the body (Figure 9). The 
position of the contact point was located on the mid-sagittal 
plane of the box. Box tilting was added to the preparation in 
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the final technique (Figure 10). The subject had to rotate 
the box about the lower anterior edge of the box. The box was 
thus rested on the subject's right thigh before lifting. 
Figure 9. In the straddle / knee ground support lifting 
technique (Str.Gs), right knee contacted the ground. 
Figure 10. In the straddle / knee ground support / box 
tilting lifting technique (Str.Bt), the box rested on the 
right thigh and the right knee contacted the ground. 
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3.5 Experimental procedures 
Each subject was directed to be complete the experiment which 
contained 8 sessions within 2 hours in the same day. Sessions 
was organized in order to prevent the frequent lifting i.e. 
more than one lift per minute (Table 6). 
Table 6. Events in experiment were sequentially listed. 
Session(min) Description of works 
#1 (5 min) Measurement of body weight, body height, 
and shoulder width 
#2 (25 min) Attachment of surface electrode to 
selected sites of muscle groups 
#3 (20 min) Maximum voluntary contraction (MVC) tests 
#4 (10 min) Familiarization of lifting techniques 
#5 (5 min) Break 
#6 (20 min) 10 lifting using two techniques assigned 
by tables 7 and 8 
#7 (5 min) Break 
#8 (20 min) 10 lifting using the other two techniques 
After the session of familiarization of lifting techniques, 
twenty lifts were performed as there was the combination of 
the four techniques and the five weights for each subject. In 
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this study, two hundred lifts were finished by the ten 
subjects. 
The sequential events of the lifting activities that happened 
in sessions six and eight were organized in tables 7 and 8. 
Firstly, subject selected an alphabet in table 7 that 
determined the sequence of the lifting technique. Subject was 
secondly asked to choose a sequence number in table 8 that 
represented an unknown sequence of box weight to the subject. 
This sequence number was then discarded and could not be 
repeated in the next experiment. As a result, in each lifting 
technique, the same sequence of the box weight was followed 
throughout the experiment of that subject. 
Therefore, the selection of the two independent variables for 
box weight and lifting technique was randomized. 







Sequence of Lifting Techniques 
Sym.Sq ~ Asy.Sq ~ Str.Gs ~ Str.Bt 
Asy.Sq ~ Str.Gs ~ Str.Bt ~ Sym. Sq 
Str.Gs ~ Str.Bt ~ Sym.Sq ~ Asy.Sq 
Str. Bt ~ Sym.Sq ~ Asy.Sq ~ Str.Gs 
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Table 8. Sequence number of box weights in kilogram 
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 
0 8 16 20 20 8 8 20 0 0 -
8 0 8 16 16 16 20 0 24 24 
20 16 0 24 8 24 0 24 16 20 
24 20 24 0 24 0 24 8 20 16 
16 24 20 8 0 20 16 16 8 8 
Note: the chosen number in the first row was discard and was 
not repeated in the next experiment. The box weight in the 
second row was firstly handled and the next box weight was in 
the sequence down the row. 
Before each lifting, the box weight and the lifting technique 
were told to the subject. The subject then approached the box 
that had been placed on the force platform and the lifting 
posture was prepared (Figures 7 to 10). 
The start of the lift was signaled by the red LED which was 
controlled by the researcher (Figures 11 and 12). Before the 
LED light was shown, the video recording and the EMG signal 
collection were commenced. Thus, the LED light signal was 
recorded by the video camera and the electrical signal was 
transmitted to the EMG channel simultaneously (Figure 3) . 
51 
Chapter 3 - Method 
Figure 11. The LED was put on the tripod and the box 
containing weight was placed on the force platform. 
Figure 12. Video camera with LED as synchronization signal 
The video camera was placed at the distance of 5 meter from 
the subject with lens axis perpendicular to the saggital plane 
of the subject (Figure 13). The motion of the lifting 
activities were recorded in the sagittal plane at a rate of 50 
Hz and shutter speed of 1/250 second. The lifting sequence 
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was completed when the subject held the box and stood upright 
for 1 second (Figure 14). The video recording and the EMG 
signal collection were stopped. The subject was asked to 
unload the box onto the platform. He was then given one 
minute rest prior to the next lift. 
Figure 13. Video camera was set at 5 m laterally away from 
the subject movement plane. 
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Figure 14. Finishing posture of the lifting technique 
3.6 Statistical analysis 
Independent variables were weights of load and lifting 
techniques. The dependent variables were the percentage of 
the maximum voluntary contraction (%MVC), and the vertical 
displacement of the center of gravity of the box and the body, 
the knee joint and hip joint angles, and the lower trunk 
inclination. These variables were analyzed using the paired 
t-test and the one-way analysis of variance (ANOVA) in the 
SPSS software (version 7.5.1, SPSS Inc., D.S.A.). 
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CHAPTER FOUR 
Results and Discussion 
4.1 No. of cases in the study 
Ten male undergraduates of the Chinese University of Hong Kong 
participated in this study. They were in good physical 
condition with no history of musculoskeletal discomfort and 
cardiovascular problems. They had read and had signed the 
consent forms before they participated to this study. 
The body weight, height, and shoulder width were measured 
(Table 9). In the study, each subject performed twenty lifts 
in combination of 5 weights and 4 lifting techniques. Thus, 
two hundred cases were collected as ten subjects performed the 
lifting activities. As one case was deleted because of using 
the wrong lifting technique. 199 cases were finally studied 
in this research. 
Table 9. Arthropometrical data of subjects 
Weight (kg) Height (cm) Shoulder Width (cm) 
Mean 65.42 173.01 34.7 
std. Dev. 6.84 5.67 1.51 
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4.2 Phase of lifting 
Two phases in lifting were classified according to the signal 
of the force platform. The preparation phase was from the 
starting signal of the LED light at time 1 to the 
disappearance of the load signal of the force platform at time 
2. The lifting phase in which the vertical movement of the 
box took place then followed the preparation phase. The phase 
was defined from the time 2 to the maximum vertical 
displacement of the center of gravity of the box at tome 3 
(Figure 15). Consequently, the preparation phase was from 
time 1 to time 2. The lifting phase was from time 2 to time 
3 . 
Preparation Phase Lifting Phase 
time 1 time 2 time 3 
Figure 15. The lifting activity was divided by the 
disappearance of the load on the force platform at time 2. 
Note: Time 1 at which the LED light was turned on. 
Time 2 at which the signal of the force platform was 
zero. 
Time 3 at which the maximum vertical displacement of 
the center of gravity of box was calculated. 
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4.3 Process time 
The mean and standard deviation of the time taken for the 
preparation phase (preparation time) and the lifting phase 
(lifting time) for each technique and each load were 
calculated (Tables 10 & 11). The number of cases for each 
technique were 10 except for the load of 24 kg with the 
straddled leg and knee ground support technique where one 
group of data was deleted due to the absolute back lift 
technique being used. 
Table 10. Mean and standard deviation of preparation time 
Technique No. of Load (kg) Mean (sec) std. Dev. 
Trials 
Sym.Sq 10 0 0.579 0.223 
8 0.784 0.191 
16 0.865 0.203 
20 1.102 0.323 
24 1.041 0.248 
Asy. Sq 10 0 0.678 0.272 
8 0.937 0.505 
16 0.896 0.227 
20 1.133 0.262 
24 1.112 0.431 
Str.Gs 9 0 0.608 0.146 
8 0.857 0.289 
16 0.997 0.451 
20 1.057 0.242 
24 0.973 0.415 
Str.Bt 10 0 0.738 0.250 
8 0.838 0.323 
16 0.925 0.332 
20 0.912 0.344 
24 1.103 0.448 
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Table 11. Mean and standard deviation of lifting time 
Technique No. of Load (kg) Mean (sec) std. Dev. 
Trials 
Sym.Sq 10 0 1.522 0.489 
8 1.474 0.327 
16 1.556 0.193 
20 1.808 0.323 
24 1.966 0.251 
Asy. Sq 10 0 1.374 0.329 
8 1.546 0.396 
16 1.532 0.343 
20 1.762 0.453 
24 1.881 0.424 
Str.Gs 9 0 1.440 0.326 
8 1.588 0.557 
16 1.680 0.470 
20 1.922 0.464 
24 1.922 0.231 
Str.Bt 10 0 1.482 0.265 
8 1.492 0.271 
16 1.628 0.413 
20 1.746 0.397 
24 1.884 0.392 
As the lifting speed was not set, the finishing time for 
trials were different. The normalized preparation time (NPT) 
and the normalized lifting time (NLT) were then calculated 
(Equations 4 and 5) . 
Equation 4. Calculation for normalized preparation time (NPT) 
Time taken in preparation phase 
Normalized preparation time (%)= 
Total time taken in the whole process 
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Equation 5. Calculation for normalized lifting time (NLT) 
Time taken in the lifting phase 
Normalized lifting time (%) = 
Total time taken in the whole process 
The start and the end of the phase were defined as 0% and 100% 
respectively. Finally, the time taken of a lifting trial was 
normalized in terms of the percentage of the total time taken. 
To compare the timing characteristics between different 
techniques, the means and the standard deviations of the 
normalized preparation time and the normalized lifting time 
were plotted in graphs 1 and 2. 
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LIFTING TECHNIQUES 
Graph 1. The mean normalized preparation time and the 
standard deviation were plotted against the four lifting 
techniques. 
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LIFTING TECHNIQUES 
Graph 2. The mean normalized lifting time and the standard 
deviation were plotted against the four lifting techniques. 
-The mean NLT in the straddled leg and box tilting (Str.Bt) 
lift technique was the smallest. The exposure time of the 
load to the subject using the technique of Str.Bt was shorter 
than one using the other three techniques. 
On the other hand, the lifting activity was affected by the 
two factors of load and lifting technique. Therefore, the 
one-way analysis of variance (ANOVA) test was performed to 
compare the two effects on the preparation and the lifting 
phases. The results showed that there was no significant 
effect of the lifting techniques on each of the two phases of 
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lifting activities. However, the box weights were showed to 
have a significant effect on time taken in the two phases 
(Tables 12 and 13) . 
Table 12. Summary table of one-way ANOVA for mean difference 
in NPT 
Source of Variance Degree of 
Freedom 
Lifting Techniques 3 
Box Weight 4 
Lifting Technique 12 
and Box Weight 
Note: * p < O. 05 
Mean Square 
5.181 X 10-2 
1.114 
5.156 x 10-2 







Table 13. Summary table of one-way ANOVA for mean difference 
in NLT 
Source of variance Degree of 
Freedom 
Lifting Techniques 3 
Box Weight 4 
Lifting Technique 12 
and Box Weight 
Note: * p < 0.05 
Mean Square 
7.304 x 10 2 
1.489 
2.932 x 10-2 







Although no significant effect of lifting techniques on the 
time taken was shown, there was still a postural adjustment 
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before the start of the lifting phase to refine the position 
of COM of body and the angles of joints (Toussaint, 
Commissaris, and Beek, 1997). An effect of the expected load 
adjusted the body position i.e. to optimize the posture so 
that the momentum was enough to initiate the start of the 
lifting (Commissaris and Toussaint, 1997). Thus, a longer 
preparation time was necessary in the straddled leg with box 
tilt lifting technique. 
A Scheffe post hoc test was performed on NPT and NLT. The box 
weight has been shown to be the significant factor (p < 0.05) 
on the NLT and the NPT. The NLT for lifting 20 kg or greater 
was significantly different from the lighter weighted box (p < 
0.05). However, the NPT was significantly greater (p < 0.05) 
at the cutting-off point of 16 kg (Table 14). Consequently, 
this is in agreement with recommendations described in the 
code of practice on MMH published by the Labour Department of 
Hong Kong Special Administrative Region (HKSAR). The 
guidelines stated that the further risk assessment on any 
manual materials handling is required when there is an object 
of the weight of 16 kg or more to be handled. 
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Table 14. Scheffe post hoc test showed the effect of the box 
weight on NPT and NLT. 
8 kg 16 kg 20 kg 24kg 
0 kg / * / * / ** * / ** 
8 kg / / ** / ** 
16 kg / / ** 
20 kg / 
Note: *{! < 0.05 forNPT 
**p < 0.05 for NLT 
4.4 Trunk Inclination Angles 
The angle between the transverse plane and the axis of the 
frontal plane of the trunk was the trunk inclination angle. 
In this study, the trunk inclination angle was calculated by 
the motion analysis system. The serial changes in the angles 
in the four lifting techniques were shown in the graph 3 of 
the profiles of the inclination angle of trunk. 
In the symmetrical and asymmetrical squat techniques, the 
decreases in the trunk inclination angles were observed in the 
first half of the NLT. The minimum trunk inclination angles 
were various; however, they happened at about 40% NLT. Beyond 
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the 40% NLT, the increases in the angles were observed and the 
maximum trunk inclination angles were about 85° angle. 
There was a difference between the starting and the minimum 
trunk inclination angles. When the box weight of 24 kg was 
lifted by the two squat techniques, the trunk inclination 
angle decreased by 20° angle. On the other hand, the decrease 
by 5° to 10° angles was found in lifting 0 kg by the same 
techniques. The difference might be affected by the box 
weight. It was explained by the observation that the subjects 
partly employed the back lifts 
stacey, 1995). 
(Boston, Rudy, Lieber, and 
However, In the straddled leg technique without box tilting, 
the decreases in the trunk inclination angles were not found. 
There were increases in the angles when 0 kg and 8 kg were 
handled. There were no change in the trunk inclination angles 
until 20% NLT at which 16 kg and 40% NLT at which 20 kg and 24 
kg were lifted. 
In the five trials using the combined techniques of the 
straddle leg, the knee ground support, and the box tilting, 
the trunk inclination angle continuously increased. Thus, the 
contribution of the back lift in these lifting technique for 
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the five tested loads was little. It would be the advantage 
of the straddle leg / knee ground support / box tilting 
technique because of absence of back lift. 
The smaller the trunk inclination angle, the higher tendency 
of back lift being performed. To avoid the back lift, the 
profiles of the trunk inclination angles suggested the 
straddled leg techniques and the safe limit of 8 kg in the 
lifting from the floor. 
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Graph 3. Profiles of the trunk inclination angle against NLT 
in symmetrical squat (upper graph) and in asymmetrical squat 
(lower graph) . Note: There were two sudden drops of the 
trunk inclination angles. It was because one of the subjects 
lost balance control. 
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Graph 3 (continued). Profiles of the trunk inclination angle 
against NLT in straddle leg technique / knee ground support 
without box tilting (upper graph) and with box tilting (lower 
graph) . 
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There were two sudden drops of the trunk inclination angles. 
It might be due to lost of balance control in handling a heavy 
object. 
4.5 Hip Joint Angles 
The left and the right hip joint angles were calculated in 
each of the trials in the study. In all types of the lifting 
techniques, the left hip joint angles were started at 40° 
(Graph 4) . 
On the other hand, different lifting techniques showed 
different starting angles of the right hip joints (Graph 5) . 
In the symmetrical squat lifting techniques, the right hip 
joint angle was started at about 40°. But there were various 
right hip joint angles being started in the asymmetrical squat 
lifting technique because of the free position of the right 
root. 
In the two straddled leg lifting techniques, the starting 
angle of 110° of the right hip joints were observed. In order 
to extend the right hip joint fully, i.e. 180°, the joint would 
further extend 70° instead of extending 140° of right hip joint 
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in the squat lifting techniques. Therefore, the larger 
starting hip joint angles in the straddled leg techniques, the 
easier to maintain the straight back posture in the manual 
lifting. 
The box weights showed effects on the hip joint angles. The 
profiles shifted to the right as the box weights increased. 
The increases in box weights delayed the extension of the left 
and right hip joint angles. It could be shown, for example at 
40% NLT, the order of delay on the hip joint angles were 0, 8, 
16, 20, and 24 kg. There was no preference to select the safe 
lifting technique as the weights were not able to grouped by 
the graphs. 
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Graph 4. 
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4.6 Knee Joint Angles 
The leg lifting technique required the appropriate knee joint 
angles to initiate the momentum to start the manual lifting 
(Burgess-Limerick et. al., 1995). Therefore, in this study, 
different knee joint angle at the start of the lifting (Table 
15) indicated there were different strategies in the lifting 
techniques. 
Table 15. Starting angles of the left and the right knee 






Straddle / Knee 
ground support 
















The weights had effects on the starting knee joint angles. 
There were slight increases in the starting angles when the 
heavier weights were lifted (Graph 6). These increased angles 
were thought to make subjects' body closer to the box so that 
the trunk inclination angles were also smaller (Graph 3) . 
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The weights of box have another effects on the two groups of 
the lifting techniques (Graphs 6 and 7). When compared to the 
lifting of the zero box weight with the same technique, curves 
associated with the squat techniques shifted to the left while 
curves associated with straddled leg techniques shifted to the 
right. The exception was that the curve for the lifting of 8 
kilograms using the asymmetrical squat technique shifted to 
the right. 
Therefore, two lifting strategies were used. Firstly, between 
0% and 40% NLT uSlng the squat techniques, the increasing knee 
joint angles and the decreasing trunk inclination angles 
showed there is a trend that the back lift is used when the 
heavier weight is handled. 
On the other hand, the second lifting strategy was used in the 
straddled leg techniques. Between 0% and 20% NLT, the box was 
lifted with the increasing trunk inclination angle and the 
increasing hip joint angle. However, changes of the knee 
joint angles were not obvious. Consequently, the coordination 
of the angles of trunk inclination, hip joint and knee joint 
was thought to transfer the load to the legs rather to the 
back. As a result, further study on the effect of weight on 
the transfer of load is suugested. 
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4.7 Center of Mass of Box 
The weights for the study were put at the center of the box. 
Thus, the cross mark was made on the box to indicate the 
center of mass of the box. In the lifting phase of each 
trial, the end of the lifting was identified by the maximum 
vertical displacement of the center of mass of the box (COM) 
in the motion analysis system. 
It was found that the relationship of the vertical 
displacements of the COM of the box and the body was followed 
the quadratic regression (Table 16). There was the time 
difference to start the two vertical displacements in lifting 
of the box among the four techniques. Thus, the linear 
relationship between the COM of the box and the COM of body 
was not established (p < 0.05). Bidex and Eid (1983) 
emphasized the importance of getting the box as close as 
possible to the body. The success of their suggestion would 
help to start the two displacements simultaneously. The delay 
in the start of any displacement would increase the distance 
between the two COM. It would then increase the moment on the 
intervertebral disc. 
The shifting of curves in the graph 8 implied the effect of 
weight on the lifting activity. The increase in weight of the 
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box delayed the vertical displacement of the COM of the box. 
However, with the reference to the zero box weight, the delay 
was not found in the lifting of the box weight of 8 kg using 
the asymmetrical squat technique and in the two straddled leg 
techniques. This showed the better control on the start of 
the three lifting techniques when the weight of the box did 
not exceed 8 kg. From this point, it is suggested that the 
safe limit for lifting object from the floor is 8 kilograms. 
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Table 16. The vertical displacement of the centers of mass of 
the box (BOX COM) and the body (BODY COM) were related by the 
equation of {BOX COM = b o + b 1 (BODY COM) + b 2 (BODY COM) 2 ) , 




0 kg 0.934 98 698.89 0.000 2.8975 -4.6258 2.5342 
8 kg 0.999 98 46868.6 0.000 1.4198 -2.0407 1.4038 
16 kg 0.999 98 68885.1 0.000 1.6282 -2.0321 1.2272 
20 kg 0.998 98 31191.3 0.000 1.4753 -1.9269 1.2421 
24 kg 0.999 98 75635.1 0.000 1.9887 -2.6079 1.4402 
Asymmetrical Squat 
o kg 0.998 98 28429.6 0.000 -0.7101 1.2315 0.1122 
8 kg 0.998 98 24517.4 0.000 -0.1829 0.4705 0.3897 
16 kg 0.999 98 65055.7 0.000 1.4395 -1.8084 1.1612 
20 kg 0.999 98 61530.1 0.000 2.5117 -3.4504 1.7705 
24 kg 0.800 98 196.56 0.000 -1.8572 2.8283 -0.4347 
Straddle/Knee ground support 
0 kg .996 98 10871.4 0.000 -2.0416 3.2191 -0.5750 
8 kg 0.995 98 9742 . 13 0.000 -2.2180 3.4574 -0.6570 
16 kg 0.884 98 372.42 0.000 -5.7007 8.3586 2.3620 
20 kg 1.000 98 173346 0.000 0.9444 -1.1513 .9464 
24 kg 0.998 98 30887.1 0.000 1.9988 -2.5043 1.3848 
Straddle/Knee ground support/Box tilting 
o kg .996 98 13686.0 0.000 -2.2424 3.5947 -0.7243 
8 kg 0.998 98 23835.5 0.000 -2.8881 4.4471 -0.9925 
16 kg 1.000 98 101720 0.000 -0.3045 0.7603 0.2659 
20 kg 0.997 98 17106.5 0.000 -0.2926 0.8224 0.2122 
24 kg 0.999 98 57684.5 0.000 0.0584 0.3529 0.3641 
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Graph 8 (continued). The vertical displacements of the COM of 
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support without box tilting (upper graph) and without box 
tilting (lower graph) were shown. 
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4.8 Muscle activities 
The electromyographical signals in the periods of the 
preparation phase and the lifting phase were summarized by the 
integrated EMG (iEMG) value. The muscle activity in the 
manual lifting was then represented by the iEMG. Since muscle 
activities possessed individual characteristics, the iEMG were 
normalized with the baseline reference to the iEMG of the 
maximum voluntary contraction of the respective muscles. The 
muscle activities were finally expressed in the percentage of 
the maximum voluntary contraction test (%MVC) (Tables 17 and 
18) . The following tables describe mean and standard 
deviation of %MVC during the manual lifting. 
Table 17. Mean %MVC and standard deviation in preparation 
phase 
Mean % MVC (std. Dev) in pr~aration phase 
o kg 8 kg 16 kg 20 kg 24 kg 
Symmetrical Squat 
(L) medial gastrocnemius 32.720 33.232 36.351 38.725 36.650 
(15.170) (14.584) (16.722) (17.708) (4.730) 
(L) vastus medialis 30.682 30.690 37.325 45.666 42.952 
(20.638) (17.783) (25.196) (24.265) (7.930) 
(R) medial gastrocnemius 24.348 24.759 27.545 27.509 27.453 
(10.508) (10.214) (11. 708) (11.091) (3.798 ) 
(R) vastus medialis 27.780 26.124 26.281 37.238 33.431 
(15.671) (12.074) (12.518) (18.720) (6.028 ) 
(L) lumbar erector spinae 35.817 40.330 44.094 51.602 53.984 
(15.745) (19.937) (19.705) (26.863) (9.971) 
(L) thoracic erector spinae 35.345 42.973 51.103 61.011 65.853 
(15.622) (19.415) (23.192) (26.733) (10.919) 
(R) lumbar erector spinae 35.506 40.944 43.093 51.924 50.375 
(13.745) (16.776) (14.86) (20.621) (7.090) 
(R) thoracic erector spinae 36.033 43.997 49.934 57.822 60.441 
(15.736) (16.518) (19.723) (24.432) (10.255) 
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Table 17 (continued) Mean %MVC and standard deviation in 
preparation phase 
Mean % MVC (std. Dev) in pr~aration phase 
o kg 8 kg 16 kg 20 kg 24 kg 
Asymmetrical Squat 
(L) medial gastrocnemius 32.317 32.820 32.656 36.369 36.434 
(14.796) (14.840) (14.606) (15.180) (14.366) 
(L) vastus medialis 29.112 27.674 28.646 41.047 40.008 
(18.120) (12.896) (12.574) (28.371) (23.207) 
(R) medial gastrocnemius 25.221 30.661 27.294 35.179 32.237 
(11.611) (22.149) (13.441) (26.737) (15.875) 
(R) vastus medialis 31.381 28.257 28.261 35.769 35.101 
(23.241) (18.124) (16.863) (23.110) (22.407) 
(L) lumbar erector spinae 38.481 40.073 40.429 46.694 48.649 
(19.125) (18.183) (17.209) (22.817) (23.789) 
(L) thoracic erector spinae 39.322 40.258 43.102 51.198 57.321 
(21.638) (14.531) (18.015) (26.902) (26.073) 
(R) lumbar erector spinae 34.947 37.082 38.865 40.136 44.037 
(13.663) (13.278) (14.420) (15.142) (15.302) 
(R) thoracic erector spinae 36.614 35.328 37.303 43.754 46.036 
(19.348) (12.036) (13.982) (18.155) (18.427) 
Straddle / Knee Ground Support 
(L) medial gastrocnemius 31.379 32.124 33.214 37.080 34.031 
(14.359) (15.839) (15.023) (19.131) (15.909) 
(L) vastus medialis 22.458 31.679 25.295 39.295 34.555 
(9.987) (14.531) (14.351) (34.653) (30.305) 
(R) medial gastrocnemius 23.512 23.672 23.837 25.209 22.663 
(10.460) (10.206) (10.600) (10.206) (8.421) 
(R) vastus medialis 21.870 30.682 29.010 40.700 29.937 
(10.654) (25.511) (18.049) (31. 354) (17.247) 
(L) lumbar erector spinae 36.730 42.961 45.124 57.326 54.621 
(16.735) (18.288) (23.540) (30.162) (38.724) 
(L) thoracic erector spinae 37.998 41.703 43.130 50.421 53.131 
(18.049) (15.109) (17.540) (24.603) (26.249) 
(R) lumbar erector spinae 34.729 40.096 41.124 45.574 48.151 
(13.670) (14.731) (17.750) (18.393) (27.462) 
(R) thoracic erector spinae 32.266 39.473 39.683 46.438 51.546 
(15.611) (18.185) (21.643) (23.055) (42.777) 
Straddle / Knee Ground Support / Box Tilting 
(L) medial gastrocnemius 31.867 32. 2 31 34.184 34.586 35.612 
(14.566) (14.676) (15.429) (13.675) (14.773) 
(L) vastus medialis 27.212 24.923 28.723 30.546 37.435 
(17.363) (12.034) (15.907) (19.610) (22.060) 
(R) medial gastrocnemius 24.033 24.168 24.285 2 4.741 37.123 
(10.853) (10.560) (10.869) (10.034) (10.634) 
(R) vastus medialis 27.149 29.072 35.211 30.242 32.249 
(15.155) (14.579) (33.667) (16.160) (20.307) 
(L) lumbar erector spinae 41.203 43.817 55.413 53.224 56.926 
(17.731) (15.713) (29.130) (23.705) (26.110) 
(L) thoracic erector spinae 39.423 43.347 50.704 55.871 61.634 
(19.718) (17.675) (28.821) (33.278) (33.951) 
(R) lumbar erector spinae 36.582 39.063 44.904 47.041 56.019 
(13.883) (14.511) (15.339) (27.070) (34.787) 
(R) thoracic erector spinae 32.321 36.895 44.610 49.387 54.002 
(12.877) (15.020) (20.231) (22.852) (28.822) 
--~~- - -----------------------
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Table 18. Mean %MVC and standard deviation in lifting phase 
Mean %MVC (std. dev.) in l.i£ting phase 
o kg 8 kg 16 kg 20 kg 24 kg 
Symmetrical Squat 
(L) medial gastrocnemius 39.861 47.303 41.838 46.477 45.984 
(18.156) (25.154) (20.083) (20.160) (17.033) 
(L) vastus medialis 65.099 69.947 70.532 59.378 70.580 
(26.644) (33.424) (33.431) (28.739) (38.572) 
(R) medial gastrocnemius 30.319 34.305 31.251 33.969 35.672 
(14.884) (18.973) (11.310) (10.832) (12.744) 
(R) vastus medialis 63.834 66.693 61.102 57.716 59.895 
(26.641) (30.080) (25.531) (21.668) (26.107) 
(L) lumbar erector spinae 56.871 72.815 89.736 96.538 97.519 
(18.011) (23.449) (23.229) (24.448) (28.638) 
(L) thoracic erector spinae 50.654 73.566 86.878 91.300 96.721 
(19.579) (39.827) (32.090) (33.090) (39.025) 
(R) lumbar erector spinae 49.768 68.586 81.989 85.111 88.686 
(15. 726) (18.020) (20.133) (17.269) (22.146) 
(R) thoracic erector spinae 48.031 68.000 77.462 83.032 85.847 
(17.834) (35.450) (25.911) (31.034) (32.022) 
Asymmetrical Squat 
(L) medial gastrocnemius 32.544 35.745 36.892 40.559 39.665 
(14.128) (16.287) (15.462) (14.393) (16.790) 
(L) vastus medialis 55.930 64.125 69.271 67.906 68.378 
(27.622) (21.634) (23.081) (33.634) (27.207) 
(R) medial gastrocnemius 37.291 40.858 42.239 38.748 42.470 
(14.611) (21.328) (13.880) (12.998) (15.463) 
(R) vastus medialis 58.964 62.862 68.385 65.957 60.459 
(37.062) (31.080) (37.125) (39.161) (39.848) 
(L) lumbar erector spinae 53.181 71.118 91.316 97.162 109.159 
(20.404) (22.756) (30.547) (29.320) (42.151) 
(L) thoracic erector spinae 45.844 64.192 91.791 92.111 102.517 
(19.358) (21.825) (38.798) (31.187) (44.436) 
(R) lumbar erector spinae 45.523 64.256 75.529 84.519 92.842 
(14.434) (18.223) (24.675) (21.840) (24.592) 
(R) thoracic erector spinae 44.182 61.261 78.727 75.007 91.333 
(19.230) (21.687) (30.418) (30.093) (38.713) 
Straddle / Knee Ground Support 
(L) medial gastrocnemius 33.566 35.334 38.294 45.203 53.414 
(14.505) (14.531) (14.065) (17.711) (23.734) 
(L) vastus medialis 61.139 58.047 64.678 60.068 58.252 
(30.662) (33.414) (27.973) (20.417) (23.725) 
(R) medial gastrocnemius 34.424 32.348 38.461 41.504 41.013 
(13.211) (12.984) (15.155) (17.833) (17.638) 
(R) vastus medialis 73.500 65.332 90.904 78.312 72.504 
(42.931) (40.753) (58.778) (43.524) (56.717) 
(L) lumbar erector spinae 63.573 76.855 108.727 115.231 119.492 
(22.162) (22.839) (39.026) (30.162) (42.326) 
(L) thoracic erector spinae 49.508 57.062 86.111 87.302 93.832 
(20.593) (18.878) (40.012) (35.940) (41.030) 
(R) lumbar erector spinae 51.317 59.615 83.206 92.388 100.478 
(18.740) (17.667) (33.540) (30.369) (40.535) 
(R) thoracic erector spinae 44.523 55.833 76.214 81.915 86.813 
(17.958) (22.401) (34.933) (30.570) (40.244) 
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Table 18 (continued). Mean %MVC and standard deviation in 
lifting phase 
Mean %MVC (std. dev.) in l.ifting phase 
o kg 8 kg 16 kg 20 kg 24 kg 
Straddle / Knee Ground Support / Box Tilting 
(L) medial gastrocnemius 33.423 34.955 41.170 40.484 44.104 
(14.305) (14.802) (18.122) (14.638) (17.309) 
(L) vastus medialis 64.389 72.438 62.451 69.260 75.311 
(29.494) (34.155) (36.526) (40.145) (37.046) 
(R) medial gastrocnemius 32.557 33.863 38.319 36.125 39.249 
(12.054) (12.261) (17.511) (15.340) (20.307) 
(R) vastus medialis 60.037 69.994 68.834 77.488 81.119 
(30.166) (42.649) (46.395) (61.919) (65.176) 
(L) lumbar erector spinae 59.152 79.121 90.678 103.887 110.467 
(19.630) (26.449) (30.794) (37.297) (44.520) 
(L) thoracic erector spinae 47.382 67.472 81.754 90.654 94.980 
(19.477) (32.692) (41.537) (43.187) (51.543) 
(R) lumbar erector spinae 49.424 62.598 73.575 79.054 87.976 
(15.185) (23.532) (32.483) (27.070) (27.075) 
(R) thoracic erector spinae 41.425 55.225 71.210 72.413 78.690 
(16.582) (22.491) (36. 777) (32.975) (42.441) 
There were increases in the absolute %MVC of the erector 
spinae at TI0 and L3 when the box weight was increased. 
However, there were increases or decreases in %MVC of the 
medial gastroecnemics and the vastus medialis. The decreases 
in the activities of the leg muscles happened because some 
subjects still adapted the back lifting technique. 
The %MVC in the preparation phase and in the lifting phase 
were compared by the paired t-test (Table 19 to 26) . In the 
two phases, box weights showed significant effects on the 
thoracic erector spinae at T10 and the lumbar erector spinae 
at L3 (p < 0.05) except for the thoracic erector spinae in the 
lifting of 0 kg using the asymmetrical squat technique. This 
showed the upper body weight was able to affect the %MVC. 
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Thus, the total load due to the weights of the upper body and 
the box should be considered. Their effects would be 
accumulative and further study is recommended. 
Table 19. Paired t-test on % MVC of left medial gastrocnemics 
between the preparation and the lifting phase. 
Techn i que Weight of Paired t-test 
box (kg) 
Mean df Mean Std . t Sig . 
difference Dev . (2 tai l) 
Symmetrica l Squat 
0 9 7.14 14.63 1.543 0 . 157 
8 9 14 . 07 6 .1 1 2.303 0 . 047* 
16 9 5 . 49 11 . 05 1. 570 0.151 
20 9 7.75 17 . 40 1 . 409 0 . 193 
24 9 9.33 6 . 64 4 . 447 0 . 002* 
Asymmetrica l Squat 
0 9 0 . 23 2 . 03 0 . 354 0 . 732 
8 9 2 . 93 4.22 2 . 190 0.056 
16 9 4 . 23 3 . 44 3 . 890 0 . 004* 
20 9 4 . 19 6 . 31 2 . 099 0 . 065 
24 9 3.23 7. 1 4 1.432 0.186 
Straddl ed l eg / Knee ground con t a ct 
0 8 2.18 3.65 1.897 0 . 090 
8 8 3 . 21 3 . 67 2 . 763 0 . 022* 
16 8 5 . 08 4 . 80 3.345 0 . 009* 
20 8 8 . 12 14 . 92 1.721 0.119 
24 8 19 . 38 18 . 82 3 . 089 0 . 015* 
Straddled l eg / Knee Ground Support / Box Ti l ting 
0 9 1. 56 0 . 96 5 . 103 0 . 001* 
8 9 2 . 72 3 . 82 2 . 256 0 . 051 
16 9 6 . 99 8 . 49 2 . 602 0 . 029* 
20 9 5 . 89 8 . 07 2 . 311 0 . 046* 
24 9 8 . 49 9 . 38 2 . 862 0 . 01 9* 
*P < 0 . 05 
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Table 20. Paired t-test on % MVC of left vastus medialis 
between the preparation and the lifting phase. 
Techniqu e Weight o f Paired t-test 
box (kg) 
Mean df Mean Std. t Sig . 
d i fference Dev . (2 tail ) 
Symmetrica l Squat 
0 9 34 . 42 17.44 6 . 242 0 . 000* 
8 9 39 . 26 22 . 83 5 . 437 0.000* 
16 9 33 . 21 25.55 4 . 110 0 . 003* 
20 9 13 . 71 24.07 1 . 802 0.105 
24 9 27 . 63 35 . 90 2 . 434 0 . 038* 
Asymmetr i ca l Squat 
0 9 26 . 82 27 . 68 3 . 064 0 . 013* 
8 9 36 . 45 17.30 6 . 664 0 . 000* 
16 9 40 . 63 20 . 67 6 . 2 15 0 . 000* 
20 9 28.86 29 . 97 2 . 834 0 . 020* 
24 9 28 . 37 29 . 58 3 . 033 0 . 014* 
Straddl ed leg / Knee ground contact 
0 8 36 . 68 23 . 63 5 . 177 0 . 001* 
8 8 23 . 37 41.52 2 . 008 0 . 076 
16 8 39 . 38 23 . 08 5 . 397 0 . 000* 
20 8 20 . 77 29.34 2 . 239 0 . 052 
24 8 23 . 70 33 . 48 2 . 123 0.067 
Straddl ed l eg / Knee Ground Support / Box Ti l t i ng 
0 9 37 . 18 18 . 93 6 . 212 0.000* 
8 9 47 . 51 27 . 50 5 . 464 0 . 000* 
16 9 33 . 73 30.68 3 . 476 0 . 007* 
20 9 38 . 71 46 . 02 2 . 660 0 . 026* 
24 9 37 . 88 41. 37 2 . 895 0 . 0 18* 
*p < 0.05 
Table 21. Paired t-test on % MVC of right medial 
gastroecnemics between the preparation and the lifting phase. 
Technique Weight of Paired t-test 
box (kg) 
Mean df Mean Std . t Sig. 
difference Dev . (2 tail) 
Symmetrica l Squat 
0 9 5.97 9 . 76 1 . 935 0.085 
8 9 9 . 54 13 . 13 2 . 299 0 . 047 * 
16 9 3 . 71 2.11 1 . 753 0.113 
20 9 6.46 6 . 60 3 . 095 0 . 013* 
24 9 8. 2 2 6.79 3 . 830 0 . 004 * 
Asymmetrical Squat 
0 9 12 . 0 7 13.61 0 . 354 0 . 732 
8 9 10.20 9 . 15 3.524 0 . 006* 
16 9 14 . 45 9 . 21 4 . 961 0 . 001* 
20 9 3 . 57 27 . 40 0.412 0 . 690 
24 9 10 . 23 12 . 24 2 . 643 0.027* 
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Table 21 (continued). Paired t-test on % MVC of right medial 
gastroecnemics between the preparation and the lifting phase. 
Technique Weight of Paired t-test 
box (kg) 
Mean df Mean S td. t Sig. 
difference Dev. (2 tail) 
Straddled leg / Knee ground contact 
0 8 10.91 9 .1 3 3 .780 0.004* 
8 8 8 .68 10.48 2 . 619 0.028* 
16 8 14.63 10.28 4.498 0.001 * 
20 8 16. 29 13.55 3 . 804 0.004* 
24 8 18.35 12.39 4.444 0.002* 
Straddled leg / Knee Ground Support / Box Tilting 
0 9 8 .52 8 . 32 3 . 329 0.010* 
8 9 9.69 7 .1 4 4.294 0.002* 
16 9 14.03 1 4.31 3.100 0.01 3* 
20 9 11. 38 11.01 3 . 270 0.010* 
24 9 12.13 16.75 2 . 290 0.048* 
*P < 0.05 
Table 22. Paired t-test on % MVC of right vastus medialis 
between the preparation and the lifting phase. 
Technique Weight of Paired t-test 
box (kg) 
Mean df Mean Std. t Sig . 
difference Dev. (2 tail) 
Symmetrical Squat 
0 9 36 . 05 21 . 27 5 . 361 0.000* 
8 9 40 . 57 26 . 22 4.893 0.001* 
16 9 34 . 82 23.92 4.604 0.001* 
20 9 20 . 48 26.91 2 . 406 0 . 039* 
24 9 26 . 46 25 .1 0 3 . 334 0.009* 
Asymmetrical Squat 
0 9 27 . 58 36 . 88 2.365 0 . 042* 
8 9 34 . 60 25 .1 7 4.348 0.002* 
16 9 40 .12 30.40 4.173 0 .002* 
20 9 30 .1 9 35 . 08 2 . 722 0.024* 
24 9 25 . 36 35 . 57 2 . 193 0.056 
Straddled leg / Knee ground contact 
0 8 51.63 39 .1 8 4.168 0.002* 
8 8 34.65 50 . 30 2.178 0.057 
16 8 61. 89 47.82 4 . 093 0 . 003* 
20 8 37 . 61 37 . 55 3.168 0 . 011* 
24 8 42 . 57 49 . 53 2.578 0 . 033* 
Stradd l ed leg / Knee Ground Support / Box Tilting 
0 9 32 . 89 23.67 4.393 0 . 002* 
8 9 40 . 92 34 . 01 3.805 0 . 004* 
16 9 33 . 62 29.10 3.653 0 . 005* 
20 9 47.25 54.39 2 . 747 0 . 023* 
24 9 48.64 54.20 2 . 838 0.019* 
*p < 0.05 
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Table 23. Paired t-test on % MVC of left lumbar erector 
spinae at L3 between the preparation and the lifting phase. 
Techni q ue Weight of Paired t-test 
box (kg) 
Mea n d f Mean Std . t Sig . 
difference Dev . (2 tail ) 
Symmetrica l Squat 
0 9 21 . 05 12 . 09 5 . 508 0 . 000* 
8 9 32 . 49 1 6 . 69 6 . 157 0 . 000* 
16 9 45 . 64 14 . 05 1 0.276 0 . 000* 
20 9 44.94 12 . 05 11.795 0 . 000* 
24 9 43 . 53 11 . 34 12 . 135 0 . 000* 
Asymmet ri ca l Squat 
0 9 14 . 70 12 . 95 3 . 591 0 . 006* 
8 9 31 . 04 10 . 85 9 . 051 0 . 000* 
16 9 50 . 89 18 . 17 8 . 857 0.000* 
20 9 50 . 47 19 . 36 8.243 0 . 000* 
24 9 60 . 51 21 . 05 9 . 090 0 . 000* 
Straddled l eg / Knee ground contact 
0 8 26 . 84 7 . 22 11 . 759 0 . 000* 
8 8 33.89 18 . 13 5.911 0 . 000* 
16 8 63 . 60 21 . 07 9 . 547 0 . 000* 
20 8 57.90 22 . 45 8 . 158 0.000* 
24 8 64 . 87 22 . 98 8.471 0 . 000* 
Straddled l eg / Knee Ground Support / Box Ti l ting 
0 9 17.95 8 . 67 6.548 0.000* 
8 9 35 . 30 17 . 71 6 . 305 0 . 000* 
16 9 35 . 27 19 . 52 5 . 712 0 . 000* 
20 9 50 . 66 27.57 5.810 0 . 000* 
24 9 53 . 54 31 . 29 5 . 411 0 . 000* 
*P < 0.05 
Table 24. Paired t-test on % MVC of left thoracic erector 
spinae at T10 between the preparation and the lifting phase. 
Technique Weight of Paired t-test 
box (kg ) 
Mean df Mean Std . t Sig . 
difference Dev . (2 tail) 
Symmetri ca l Squat 
0 9 15.31 11.06 4.378 0 . 002* 
8 9 30 . 59 31.27 3 . 094 0 . 013* 
16 9 35.78 20.61 5.488 0 . 000* 
20 9 30 . 29 17.68 5 . 419 0 . 000* 
24 9 30 . 87 18.27 5 . 343 0 . 000* 
Asymmetrical Squat 
0 9 6 . 52 19.29 1 . 069 0.313 
8 9 23 . 93 14.35 5.275 0 . 001* 
16 9 48 . 69 25 . 61 6 . 013 0.000* 
20 9 40 . 91 29.70 4 . 357 0.002* 
24 9 45 . 20 22 . 78 6.275 0 . 000* 
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Table 24 (continued). Paired t-test on % MVC of left thoracic 
erector spinae at TIO between the preparation and the lifting 
phase. 
Technique We ight of Paired t-test 
box (k g ) 
Me an df Mean Std . t S i g . 
difference Dev . (2 t ail ) 
Symmetrical Squat 
0 9 15 . 31 11 . 06 4 . 378 0 . 002* 
8 9 30 . 59 31 . 27 3 . 094 0 . 0 13* 
1 6 9 35 . 78 20 . 61 5 . 488 0 . 000* 
20 9 30 . 29 17 . 68 5 . 419 0 . 000* 
2 4 9 30 . 87 18 . 27 5 . 343 0 . 000* 
Asymmet r ical Squat 
0 9 6 . 52 19 . 2 9 1 . 069 0 . 313 
8 9 23 . 93 14 . 35 5 . 275 0 . 001* 
16 9 48 . 69 25 . 61 6 . 013 0 . 000* 
20 9 40 . 91 29 . 70 4 . 357 0 . 002* 
24 9 45 . 20 22 . 78 6 . 275 0 . 000* 
Straddled leg / Kn ee ground co n tact 
0 8 11. 51 8 . 46 4 . 302 0 . 002* 
8 8 15 . 36 13 . 82 3 . 514 0 . 007* 
16 8 42 . 98 29 . 53 4 . 602 0 . 00 1* 
20 8 36 . 88 22 . 48 5 . 189 0 . 001* 
24 8 4 0 . 70 23 . 02 5 . 305 0 . 001* 
Straddl e d leg / Kn ee Gr o und Suppo rt / Box Tilting 
0 9 7 . 96 7 . 40 3 . 402 0 . 008* 
8 9 2 4 . 12 23 . 70 3 . 2 19 0 . 011* 
16 9 3 1 . 05 26 . 85 3 . 657 0 . 005 * 
20 9 3 4 . 78 30 . 32 3 . 628 0 . 006* 
2 4 9 33 . 35 32 . 72 3 . 223 0 . 010 * 
*p < 0.05 
Table 25. Paired t-test on % MVC of right lumbar erector 
spinae at L3 between the preparation and the lifting phase. 
T hni I ierh . o· Paired t - test 
', ' ( : .. ) 
n df :,1·-" n Sed . S i 
i : { { '''> l' ·nr:: · ' ( ? tail ) 
Symmct('icaL Squat 
o :: . 68 7 . 9.7 0 . 000 " 
8 :: J . G.f 9 . ,; J O. OOO A 
i 6 38 . GO i6 . 2_ 7 . 5 ~ 9 0 . 000 ' 
20 o .! 3 . i 9 : :: . 5:: -; . /5 '7 
"],~ . ? 1 j2 . 72 9 . ')28 0 . 000 '" 
Asymmel r-i cal Squat 
o :O . 5e 0 . 006 '" 
2 ._ I • 1 -; .' : • ~ O 7 . .? ?: r; . ooo ~ 
16 :!6 . 6~ 1 : • 9.~ '; . 770 o . ooo ~ 
::0 ·; ·;. 33 ~ 5 . 5.; c. . 'j. ; 0 0 . 000 '" 
2·t ·; 8 . 3 j .... - . ~, ' : 
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Table 25 (continued). Paired t-test on % MVC of right lumbar 
erector spinae at L3 between the preparation and the lifting 
phase. 
Technique Weigh t of Paired t-test 
box (kg) 
Mean df Mean Std. t Sig . 
difference Dev. (2 ta i l) 
Straddled l eg / Knee ground contact 
0 8 16 . 59 6 . 51 8 . 052 0 . 000* 
8 8 1 9 . 52 12 . 32 5 . 010 0 . 001* 
16 8 42 . 08 20 . 82 6 . 391 0 . 000* 
20 8 46 . 81 17.43 8.492 0.000* 
24 8 52 . 33 9 . 00 5.81 6 0 . 000* 
Straddl ed leg / Knee Ground Support / Box Ti l ting 
0 9 12.84 7 . 16 5 . 669 0 . 000* 
8 9 23 . 53 15.80 4 . 710 0 . 001* 
16 9 28.67 22.89 3.961 0 . 003* 
20 9 32 . 01 24 . 57 4 .120 0 . 003* 
24 9 31 . 96 24 . 10 4 .1 93 0 . 002* 
*P < 0.05 
Table 26. Paired t-test on % MVC of right thoracic erector 
spinae at T10 between the preparation and the lifting phase . 
Technique Weight of Paired t-test 
box (kg) 
Mean df Mean Std . t Sig . 
difference Dev . (2 tail ) 
Symmetrica l Squat 
0 9 12.00 10.75 3 . 530 0 . 006* 
8 9 24.00 26 . 82 2.831 0.020* 
16 9 27 . 53 15 . 55 5.598 0.000* 
20 9 25 . 21 1 9 . 52 4 . 084 0 . 003* 
24 9 25 . 41 16 . 67 4.821 0 . 001* 
Asymmetr i cal Squat 
0 9 7 . 57 17.57 1.362 0 . 206 
8 9 25.93 13 . 13 6 . 246 0 . 000* 
16 9 41.42 19 .. 47 6 . 727 0 . 000* 
20 9 31 . 25 16.63 5 . 942 0 . 000* 
24 9 45 . 30 22 . 73 6.303 0 . 000* 
Straddl ed leg / Knee ground contact 
0 8 12 . 26 8.61 4 . 500 0 . 001* 
8 8 16 . 36 15.75 3 . 284 0.009* 
1 6 8 36.53 21. 54 5 . 362 0 . 000* 
20 8 35 . 48 17 . 57 6.386 0.000* 
24 8 34 . 86 22 . 54 4 . 639 0 . 002* 
St raddled leg / Kn ee Ground Support / Box Til t ing 
0 9 9 . 10 7.01 4 . 107 0 . 003* 
8 9 18 . 33 15 . 87 3 . 652 0.005* 
1 6 9 26 . 60 23.05 3 . 649 0 . 005* 
20 9 23 . 03 25 . 07 2 . 904 0 . 017* 
24 9 24 . 69 22 . 14 3 . 526 0 . 006* 
*P < 0.05 
94 
Chapter 4 - Results and Discussion 
In some cases, the mean % MVC of the lumbar erector spinae and 
the thoracic erector spinae were beyond the maximum voluntary 
contraction, i.e. over 100% MVC (Table 27). 
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Literature review showed that there was less research on the 
musculoskeletal injury at 100% MVC. It was thought that the 
lifting activity at MVC exceeding 100% would be dangerous and 
it would accelerate the adverse effect on the chronic back 
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injury or discomfort. Thus, any lifting technique that 
required the muscle activity of 100% MVC were not recommended. 
The 95% confidence interval of the mean percentage of the 
maximum voluntary contraction was plotted (Graphs 9 to 16). 
In the graphs, the muscle activities in the preparation phase 
were not over the 100% MVC. However, the upper boundary of 
the 95% confidence interval was over the 100% MVC when 16 kg 
or more of the weight was lifted in the lifting phase of the 
two straddled leg techniques, i.e. the lifting techniques with 
knee-ground contact. 
In order to differentiate the effect of the lifting technique 
and the weight of box, the ANOVA test and the Scheffe test for 
mean %MVC among box weights were done (Tables 28, 29,and 30). 
The results showed that the significant difference only 
existed in the effects of box weights on % MVC (Table 28). No 
significant difference was found in the effects of lifting 
techniques on % MVC (Table 29). The findings of this study 
agreed to the research by de Looze, Dolan, Kingma, and Baten 
(1998). Thus, there was no obvious beneficial effect in 
employing only one lifting technique (Parnianpour, Bejjani, 
and Pavlidis, 1987). 
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Graph 9. Mean %MVC and 95% confidence interval of medial 
gastrocnemius (left leg) in lifting phase (upper graph) and in 
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Graph 10. Mean %MVC and 95% confidence interval of 
vastus medialis (left leg) in lifting phase (upper graph) 
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Graph 11. Mean %MVC and 95% confidence interval of medial 
gastrocnemius (right leg) in lifting phase (upper graph) 
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Graph 12. Mean %MVC and 95% confidence interval of vastus 
medialis (right leg) in lifting phase (upper graph) and in 
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Graph 13. Mean %MVC and 95% confidence interval of left 
lumbar erector spinae at L3 in lifting phase (upper graph) and 
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Graph 14. Mean %MVC and 95% confidence interval of left 
thoracic erector spinae at T10 in lifting phase (upper graph) 
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Graph 15. Mean %MVC and 95% confidence interval of right 
lumbar erector spinae at L3 in lifting phase (upper graph) and 
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Graph 16. Mean %MVC and 95% confidence interval of right 
thoracic erector spinae at T10 in lifting phase (upper graph) 
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Table 28. Oneway ANOVA test for the Effects of Box Weights on 
Muscle Activities (% MVC) during the Lifting Phase 
Source of Muscle groups 
variance 
Box (L) medial 
Weight gastrocnemius 
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Table 29. Oneway AN OVA test for the Effects of Lifting 
Techniques on Muscle Activities (% MVe) during the Lifting 
Phase 
Source of Muscle groups df Mean F F 
variance Square ratio prob. 
Lifting (L) medial 3 486.555 1.625 0.185 
Technique gastrocnemius 
(L) vastus 3 640.726 0.670 0.571 
medialis 
(R) medial 3 453.463 1.929 0.127 
gastrocnemius 
(R) vastus 3 2269.448 1.288 0.280 
medialis 
(L) lumbar 3 1948.878 2.180 0.92 
erector spinae 
(L) thoracic 3 283.387 0.237 0.871 
erector spinae 
( R) lumbar 3 434.481 0.753 0.522 
erector spinae 
( R) thoracic 3 672.087 0.749 0.524 
erector spinae 
* p < 0.05 
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Table 30. Scheffe test for Mean %MVC among Box Weights 
8 kg 16 kg 20 kg 24 kg 
(L) medial gastrocnemius 
o kg 0.937 0.831 0.330 0.112 
8 kg 0.999 0.814 0.483 
16 kg 0.927 0.661 
20 kg 0.984 
(L) vastus medialis 
o kg 0.980 0.969 0.998 0.918 
8 kg 1.000 0.999 0.999 
16 kg 0.998 1.000 
20 kg 0.985 
(R) medial gastrocnemius 
o kg 0.993 0.860 0.858 0.569 
8 kg 0.981 0.980 0.827 
16 kg 1.000 0.987 
20 kg 0.988 
(R) vastus medialis 
o kg 1.000 0.942 0.984 0.995 
8 kg 0.981 0.997 1.000 
16 kg 0.999 0.996 
20 kg 1.000 
(L) lumbar erector spinae L3 
o kg 0.183 0.000* 0.000* 0.000* 
8 kg 0.064 0.002* 0.000* 
16 kg 0.833 0.384 
20 kg 0.949 
(L) thoracic erector spinae T10 
o kg 0.295 0.000* 0.000* 0.000* 
8 kg 0.120 0.040* 0.003* 
16 kg 0.994 0.771 
20 kg 0.944 
(R) lumbar erector spinae L3 
o kg 0.115 0.000* 0.000* 0.000* 
8 kg 0.112 0.004* 0.000* 
16 kg 0.817 0.174 
20 kg 0.793 
(R) thoracic erector spinae T10 
o kg 0.255 0.000* 0.000* 0.000* 
8 kg 0.237 0.129 0.008* 
16 kg 0.999 0.720 
20 kg 0.869 
* p < 0.05 
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The weight of box was shown to be the factor (p < 0.05) that 
affected the muscle activities (MVC) , especially on the 
erector spinae. In addition, when the box weight of 16 
kilograms or more was lifted, the 100% MVC was eventually 
obtained. Thus, in this study, the safe limit of 8 kilograms 
was recommended in all lifting techniques. 
Furthermore, the EMG activities of the left and the right 
erector spinae were different (Table 31). This might be due 
to the positions of hands on the box. The subjects were asked 
to handle the box at the two designated corners; thus, they 
were not free to place their hands at the trunk inclination 
angle at which subjects felt the most comfortable. The size 
of box should be considered as ergonomical factor to reduce 
the hazards on the arms in manual handling. Therefore, it was 
thought that instead of holding box at corners, handles should 
be provided to reduce the back muscle extension. This should 
be the subject of further investigation on the integrated 
effects of the lift techniques and the positions of hands and 
the use of handles. 
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Table 31. T-test for comparison between left and right back 
muscle group in lifting activity 
Muscles Mean %MVC Mean paired d.f. Sig. 
(std. dev. ) differences (2-tailed) 
(std. dev. ) 
Preparation phase 
Left erector 46.52 
spinae L3 (23.42) 
Right erector 42.52 3.98 199 0.000 
spinae L3 (24.26) (11.59) 
Left erector 48.29 
spinae TI0 (18.12) 
Right erector 43.69 4.61 199 0.000 
spinae TI0 (22.04) (15.59) 
Lifting phase 
Left erector 87.97 
spinae L3 (34 .72) 
Right erector 73.69 14.28 198 0.000 
spinae L3 (27.93) (22.99) 
Left erector 77.50 
spinae TI0 (37.69) 
Right erector 68.77 8.73 198 0.000 
spinae TI0 (32.33) (22.21) 
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CHAPTER FIVE 
Conclusion 
In this study, there were significant effects of load (p < 
0.05) on %MVC of the erector spinae at T10 and L3, normalized 
preparation time (NPT) and normalized lifting time (NLT). 
However, there were no significant effects of load on % MVC of 
vastus medialis and medial gastrocenmius during the manual 
lifting. The lifting techniques showed no significant effect 
on all variables studied. 
When the weight of 16 kilograms was lifted, the NLP was 
significant different from that in lifting 0 and 8 kg. This 
is in agreement with recommendations described in the code of 
practice on MMH published by the Labour Department of Hong 
Kong Special Administrative Region (HKSAR). The further risk 
assessment is required when there is an object of the weight 
of 16 kg or more to be handled. 
From the data of trunk inclination angle, hip joint angle, 
knee joint angle, there was no evidence to suggest the 
preference to the lifting techniques. However, the vertical 
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displacement of the center of mass of the box limited the 
weight to 8 kilograms in the manual lifting from the floor. 
The lifting of load from the floor induced the 100% maximum 
voluntary contraction (MVC) of the erector spinae when the 16 
kilograms was lifted. Although there was not enough evidence 
to conclude the risk in which 100% MVC was performed, it was 
safe to lift the weight of less than 8 kilograms from the 
floor. 
To conclude the study, recommendation on safe manual lifting 
from the floor is summarized (Table 32) . 
Table 32. Summary on recommendation on safe manual lifting 
Variables Effect of Effect of Recommended 
lifting weights weight or 
techniques technique 
Normalized --- Yes 16 kg 
preparation time 
Normalized --- Yes 20 kg 
lifting time 
Trunk inclination --- --- ---
angle 
Hip joint angle --- --- ---
Knee joint angle --- --- ---
Center of mass --- Yes 8 kg 
%MVC --- Yes 8 kg 
Different weights for lifting from the floor were recommended 
according to the various parameters to define the safe limit 
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for manual lifting. It is shown that ergonomics is a very 
complex topic that will only be solved in a multidisciplinary 
way to minimize the interactions of the adverse effects on 
back injury. 
Although this study used some simple movement kinematics 
parameters to suggest the safe weight for manual lifting, the 
universal focus on the biomechanical compression and shear 
forces were not calculated. Thus, the further study was 
suggested to establish biomechanical models for the 
calculation of the forces. Consequently, the compression 
force and the shear force would be compared to the spinal 
compression tolerance limit (Potvin et. al., 1992) and the 
damaged load (Genaidy et. al., 1993). 
The hand positions in this study may interfere the EMG 
findings of the erector spinae. Thus, study on the effects of 
hand positions that related to the anthropometrical data of 
Chinese is suggested. In addition, the coupling multimeter In 
the revised NIOSH lifting equation (Waters T. R., Putz-
Anderson V., Garg A., and Fine L. J., 1993) emphasize the use 
of good handle. The use of handle will be recommended to 
integrate into the squat and the straddled-leg lifting 
techniques when further studies are continued. 
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